Introduction
============

Ovarian cancer (OC) affects one in every 70 females and is one of the most severe gynecologic malignancies, with a 5-year survival rate of \<50% if diagnosed at a late stage in the USA between 2011 and 2015 ([@b1-ol-0-0-10306]). There are no notable symptoms of early OC and no effective screening tools are available ([@b2-ol-0-0-10306]). The majority of patients with OC are generally asymptomatic until tumor progression and metastasis occur, and \>66% of tumors are already in an advanced stage upon diagnosis ([@b3-ol-0-0-10306]). Once clinically diagnosed as high-grade epithelial OC, treatment outcomes are poor, even following surgery and appropriate chemotherapy ([@b4-ol-0-0-10306]). Therefore, clarification of the key molecular events that are associated with the development of OC may provide potential molecular targets for the clinical treatment of advanced epithelial OC.

Cluster of differentiation 44 (CD44), a leukocyte differentiation antigenic determinant, is a multi-structural and multi-functional cell surface adhesion molecule that is involved in the homing, activation, movement, and cell-cell and cell-matrix interactions of lymphocytes ([@b5-ol-0-0-10306],[@b6-ol-0-0-10306]). This molecule is widespread and has a number of subtypes, which can be divided into standard CD44s and variant CD44s (CD44v1-v10), which are involved in the regulation of numerous physiological and pathological processes ([@b7-ol-0-0-10306]). The key role of CD44 is to provide defense against inflammatory processes by cellular transmigration and cell signaling. Saegusa *et al* ([@b8-ol-0-0-10306]) demonstrated that CD44 can inhibition the spread and metastasis of local tumors. Additionally, a number of studies indicated that CD44 is a specific cell surface marker of cancer stem cells in certain solid tumors, including OC ([@b9-ol-0-0-10306]--[@b14-ol-0-0-10306]). Notably, studies suggested that variant CD44s are associated with the occurrence and development of various malignancies, including pancreatic ([@b15-ol-0-0-10306]), breast ([@b16-ol-0-0-10306]) and colorectal cancer ([@b17-ol-0-0-10306]). Among these variants, CD44v6 is the most associated with tumor invasion and metastasis ([@b18-ol-0-0-10306],[@b19-ol-0-0-10306]).

CD44v6 has been demonstrated to be a beneficial prognostic factor of a variety of cancer types, including those of the stomach ([@b20-ol-0-0-10306]), head and neck ([@b21-ol-0-0-10306]), prostate ([@b22-ol-0-0-10306]) and lung ([@b23-ol-0-0-10306]). Additionally, investigations identified that CD44v6 may serve a vital role in tumor progression and pervasion ([@b24-ol-0-0-10306]--[@b27-ol-0-0-10306]). It has been reported that CD44v6 may participate in the metastasis of OC by mediating OC cell adhesion and migration ([@b19-ol-0-0-10306]). In OC, changes occurring in the extracellular environment are crucial for tumorigenesis and progression, as well as for intraperitoneal transmission ([@b28-ol-0-0-10306]). The extracellular matrix molecules versican and hyaluronic acid interact with CD44 and serve a pivotal role in OC metastasis ([@b29-ol-0-0-10306]). Certain studies demonstrated that CD44v6 is only upregulated in tumor tissues during OC cell adhesion and metastasis, indicating that CD44v6, as an adhesion molecule, may participate in OC cell adhesion and metastasis ([@b30-ol-0-0-10306]--[@b32-ol-0-0-10306]).

Nuclear factor-κB (NF-κB), a transcription factor, is widely identified in mammalian cells and is a key factor in tumor anti-apoptotic mechanisms ([@b33-ol-0-0-10306]). This molecule can regulate the cell cycle and facilitate cell proliferation by activating the transcription of cyclin D1 ([@b34-ol-0-0-10306]). Additionally, NF-κB is involved in the regulation of tumorigenesis, invasion and metastasis ([@b35-ol-0-0-10306]). NF-κB inhibits apoptosis via the regulation of the transcription of anti-apoptotic genes, including B-cell lymphoma (Bcl)-2, Bcl-extra large and X-linked inhibited of apoptosis ([@b36-ol-0-0-10306],[@b37-ol-0-0-10306]). Furthermore, NF-κB can accelerate tumor invasion and metastasis by regulating matrix metalloproteinase-9 and intercellular adhesion molecule-1 expression, and by degrading the extracellular matrix ([@b38-ol-0-0-10306],[@b39-ol-0-0-10306]). Activated or abnormally expressed NF-κB can be detected in numerous malignancy types, including leukemia, breast cancer, liver cancer and thyroid cancer ([@b40-ol-0-0-10306]). Sasaki *et al* ([@b41-ol-0-0-10306]) investigated gastric cancer tissues and identified that NF-κB expression is associated with tumor size, lymph node invasion, invasion depth and peritoneal metastasis. Activated NF-κB promotes the transcription of apoptotic genes, resulting in the proliferation of tumor cells. NF-κB has been demonstrated to be a pro-survival and pro-inflammatory transcription factor that can promote cancer development ([@b42-ol-0-0-10306]). Therefore, the specific inhibition of NF-κB is considered a potential therapeutic target. Studies reported that the use of NF-κB inhibitors, including Eriocalyxin B, may prevent the recurrence of OC ([@b43-ol-0-0-10306]--[@b45-ol-0-0-10306]).

The present study hypothesized that CD44v6 may affect the proliferation, migration and invasion of OC cells via the NF-κB pathway. To the best of our knowledge, no previous studies investigated the association between these two molecules in the molecular mechanism of OC development. Therefore, the present study detected CD44v6 and NF-κB expression in human ovarian tissues. CD44v6 gene knockout was performed in OC cells to detect the expression levels of CD44v6 and NF-κB, and examine the associations between the expression of CD44v6, and cellular proliferation, migration and invasion. The nuclear translocation of NF-κB was further detected by immunofluorescence to investigate molecules that may cause the development of OC.

Materials and methods
=====================

### Tissue specimens

A total of 46 fresh surgical specimens, including 24 malignant and 22 benign ovarian neoplasms, were collected between June 2016 and February 2017. Patients with multiple tumors were excluded. All patients were female, the age range of the patients was 30--60 years and the mean age was 50±2.34 years. The Medical Ethics Committee of Medical College of Wuhan University (Wuhan, China) approved the present study and written informed consent was obtained from all participants. All tissue specimens were from primary tumors and were histologically verified by pathologists who were blind to the study at the Department of Pathology, Renmin Hospital of Wuhan University (Wuhan, China) to confirm the diagnosis, histological type and tumor grade ([@b46-ol-0-0-10306]).

### Cells and cell culture

The human serous OC cell line A2780, obtained from the American Type Culture Collection (Manassas, VA, USA), was cultured in RPMI-1640 medium (catalog no. SH30022; HyClone; GE Healthcare Life Sciences, Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS; catalog no. 141215; Hangzhou HuaAn Biotechnology Co., Ltd., Hangzhou, China), and 100 U/ml penicillin and streptomycin in a 5% CO~2~ atmosphere at 37°C.

### Small interfering RNA (siRNA) knockdown of CD44v6

A2780 cells were transiently transfected with siRNA obtained from Shanghai Integrated Biotech Solutions Co., Ltd. (Shanghai, China). This included siRNA against CD44v6 (5′-GCCAACATTCATTCAATAC-3′) and negative control siRNA (5′-GCCTTACTTACAACAATAC-3′). siRNA (100 nM) was transfected using Lipofectamine^®^ 2000 (catalog no. 11668019; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), according to the manufacturer\'s protocol. Following transfection, the cells were incubated at 37°C in a CO~2~ incubator for 24 or 48 h prior to being harvested for reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Stably transfected cells were maintained from wells with only one green fluorescent clone.

### Immunohistochemistry

The obtained ovarian tissue was fixed in 4% paraformaldehyde for 10 h at room temperature. The tissue sections were then cut to a thickness of 0.4 cm. Paraffin slices were placed in an oven at 65°C on a baking sheet for 2 h, dewaxed in water and washed three times with PBS for 5 min each time. The slices were placed in EDTA buffer (catalog no. AS1016; Wuhan Boster Biological Technology, Ltd., Wuhan, China) for microwave antigen retrieval at medium power until boiling, then at low power until boiling at 10 min intervals. Slides were washed with PBS three times following cooling for 5 min each time. Slides were placed in 3% hydrogen peroxide solution and then incubated for 10 min at room temperature in the dark. Slides were washed with PBS three times for 5 min each time, dried and blocked with 5% bovine serum albumin (BSA; Roche Diagnostics, Basel, Switzerland; catalog no. 10735078001) for 20 min at room temperature. The BSA solution was removed and \~50 µl diluted primary antibodies against CD44v6 (catalog no. 8242; 1:50; CST Biological Reagents Co., Ltd., Shanghai, China) and NF-κB (catalog no. ab78960; 1:200; Abcam, Cambridge, UK) were added to each section overnight at 4°C. The slides were washed three times with PBS for 5 min each time. Following the removal of PBS solution, 100 µl horseradish peroxidase-labeled goat anti-rabbit IgG secondary antibody (catalog no. AS-1107; 1:200; Aspen Biotechnology Co., Ltd. Wuhan, China) was added to each section and the sections were incubated at 37°C for 50 min. The slides were washed with PBS three times for 5 min each time. The PBS solution was then removed, 3,3′-diaminobenzidine (50--100 µl) was added to each slice and color development was monitored using a light microscope (magnification, ×400). Following color development, the slide was washed with water and counterstained with hematoxylin for 2 min at room temperature. Hydrochloric acid alcohol (1%) was used for differentiation for \~1 sec and the slide was then washed with water. The slide was dehydrated using an ethanol gradient (75, 90 and 100% each for 10 min), cleared in xylene and sealed with a neutral gum seal.

### RNA extraction and complementary DNA (cDNA) synthesis

For the transfected/control cells, the medium was carefully removed from the cell culture dish with a pipette and 1 ml pre-cooled PBS solution at 4°C was added. The residual medium was gently removed, PBS solution was added by pipette and 1 ml TRIzol^®^ (catalog no. 15596-026; Invitrogen; Thermo Fisher Scientific, Inc.) was added. The solution was repeatedly pipetted around the bottom of the flask to ensure the cells were fully covered by TRIzol. Chloroform (250 µl; catalog no. 10006818; Sinopharm Chemical Reagent Co., Ltd., Shanghai, China) was added and mixed well, and then the solution was placed on ice for 10 min. The mixture was centrifuged at 4°C and 10,000 × g for 10 min. The supernatant (400 µl) was carefully transferred to a 1.5-ml Eppendorf tube and an equal volume of 4°C pre-cooled isopropanol (catalog no. 80109218; Sinopharm Chemical Reagent Co., Ltd.) was added. The solution was inverted to mix and then incubated at −20°C for 15 min. The solution was centrifuged at 4°C and 10,000 × g for 10 min. The liquid was carefully removed and 1 ml 75% ethanol, pre-cooled at 4°C, was added. The RNA was precipitated three times, and the RNA pellet was washed and centrifuged at 4°C and 10,000 × g for 5 min. The RNA was dried for 10 min, and then the ethanol was volatilized thoroughly, and 10 µl RNase-free water was added to fully dissolve the RNA.

For human tissue samples, \~100 mg of tissue was placed on ice using a sterile tool and thoroughly ground in 1 ml of pre-cooled TRIzol. The homogenate was carefully poured into a 1.5-ml Eppendorf tube and chloroform (250 µl) was added. The mixture was mixed well and incubated on ice for 5 min. The aforementioned protocol was then performed for the remaining steps of RNA extraction.

cDNA synthesis was performed using a PrimeScript™ RT reagent kit with gDNA Eraser (catalog no. RR047A; Takara Bio, Inc., Otsu, Japan), and the following reaction solution was placed on ice: 2.0 µl 5X gDNA Eraser buffer, 1.0 µl gDNA Eraser and 10.0 µl RNA, all from the PrimeScript RT reagent kit. The mixture was then placed at 42°C for 2 min and incubated at 4°C for 5 min. The following reaction solution was added to the Eppendorf tube containing RNA and placed on ice: 1.0 µl PrimeScript RT Enzyme mix I, 1.0 µl RT Primer mix, 4.0 µl 5X PrimeScript Buffer 2 and 4.0 µl RNase-free dH~2~O, all from the kit. The reaction solution was then placed in a PCR machine at 37°C for 15 min, 85°C for 5 sec and temporally kept at 4°C for 10 min. The reaction fixture was finally stored at −20°C.

### RT-qPCR

PCR was performed using a Step One™ Real-Time PCR system (Thermo Fisher Scientific, Inc.) with the following conditions: 2 min at 50°C, followed by 40 cycles at 95°C for 10 min, 95°C for 15 sec and 60°C for 1 min. Each 10-µl reaction contained 5.0 µl SYBR^®^ Premix Ex Taq (Takara Bio, Inc.), 0.2 µl forward primer (final concentration, 0.2 µM), 0.2 µl reverse primer (final concentration, 0.2 µM), ROX reference dye, 1.0 µl cDNA and 3.4 µl ddH~2~O. The threshold cycle value (C~q~) was recorded for all samples for both the target gene and the reference gene GAPDH. Melt curve analysis was performed for each run. The relative gene expression of the target gene was calculated as ΔC~q~ and was determined by subtracting the C~q~ of the reference gene from the C~q~ of the target gene. Differential expression of the target gene in the control, negative control and CD44v6 siRNA groups was calculated as ∆∆C~q~ ([@b47-ol-0-0-10306]), as determined by subtracting the ΔC~q~ of the CD44v6 siRNA group from the ΔC~q~ of the matched control group. Primer sequences are presented in [Table I](#tI-ol-0-0-10306){ref-type="table"}.

### Colony formation assay

Monolayer-cultured A2780 cells in the logarithmic growth phase were digested with 0.25% trypsin and the suspension was pipetted until the cells were fully dispersed. Subsequently, the cells were suspended in RPMI-1640 medium with 10% FBS. The cells were then plated at a density of 300 cells/plate in 35-mm plates, which were then incubated at 37°C in an atmosphere containing 5% CO~2~ for \~14 days, with fresh RPMI-1640 medium with 10% FBS provided every 3 days. When macroscopic colonies appeared in the medium, the culture was terminated. Subsequently, 4% formaldehyde was added for 20 min at room temperature to fix the cells. Following two washes with PBS (pH 7.4), the cells were stained with Wright-Giemsa dye complex for 5 min at room temperature. Colonies were counted using an inverted light microscope (magnification, ×400). Colonies with \>50 cells were counted. The cloning rate was calculated as follows: Clone formation rate=cloning/inoculation cells ×100%.

### Cell invasion and migration assays

Matrigel was diluted (1:5) and coated on the upper surface of a polycarbonate membrane (12-mm diameter and 8-mm pore size) in a Transwell filter (EMD Millipore, Billerica, MA, USA). The transfected A2780 cells were cultured to logarithmic growth phase. The cells were digested, washed with PBS and serum-free RPMI-1640 medium, and then suspended in serum-free RPMI-1640 medium. Each group of cells (4×10^5^) was added to the upper chamber and 500 µl RPMI-1640 containing 10% FBS was added to the lower chamber. Following incubation in a 5% CO~2~ incubator at 37°C for 16 h, the cells were fixed with 4% paraformaldehyde at room temperature for 20 min and stained with crystal violet at room temperature for 30 min to determine how many cells had invaded the lower surface of the filter. The invaded cells were counted by light microscope (magnification, ×400) and the mean number of cells in at least three fields per well was calculated. The experiment was repeated three times. The migration assay was similar, except that Matrigel was not added to the upper membrane.

### Immunofluorescence

Firstly, the transfected A2780 cells were cultured on glass slides coated with poly-L-lysine and washed on the slides in PBS three times. The cells were then fixed in 4% paraformaldehyde for 30 min at room temperature and washed two times with PBS. The cells were then permeabilized with 0.5% Triton X-100 and 0.25% Tween 20 in TBS for 15 min, and incubated with Image iT FX Signal Enhancer (Invitrogen; Thermo Fisher Scientific, Inc.) for 30 min at room temperature in a humid chamber. Following blocking with 5% BSA for 20 min at room temperature, the cells were washed. Primary antibodies against CD44v6 (catalog no. 8242; 1:500; CST Biological Reagents Co., Ltd.) and NF-κB (catalog no. ab78960; 1:1,000; Abcam) were added and the cells were incubated overnight at 4°C. Subsequently, Alexa Fluor-conjugated secondary antibodies (CY3 labeled goat anti-rabbit, catalog no. AS-1109; 1:50; Aspen Biotechnology Co., Ltd.) were added and the cells were incubated for 1 h at room temperature prior to being washed with PBS and 1% Tween 20. The cells were then incubated with DAPI in the dark for 5 min at room temperature. Excess DAPI was rinsed off with PBS and 1% Tween 20, and the slides were blotted dry with water-absorbent paper. The slides were then sealed with anti-fluorescence quencher and images were obtained using a fluorescent microscope (magnification, ×400).

### Statistical analysis

SPSS 20.0 software (IBM Corp., Armonk, NY, USA) was used to analyze the data. Data are presented as the mean ± standard deviation and are representative of three individual experiments. An unpaired Student\'s t-test was used to compare two groups and three or more groups were analyzed by one-way analysis of variance (ANOVA) followed by a post hoc Bonferroni test. mRNA expression levels of CD44v6 and NF-κB in the tissue samples were compared using an unpaired Student\'s t-test. CD44v6 and NF-κB mRNA expression levels in different cells were analyzed by ANOVA followed by a post hoc Bonferroni test. The number of migrating and invading cells, and the number of colonies were compared by one-way ANOVA followed by a post-hoc Bonferroni correction test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of CD44v6 and NF-κB in OC and normal ovarian tissue samples

To determine whether CD44v6 and NF-κB are abnormally expressed in OC tissues, OC tissue samples and benign ovarian tissue samples were collected. Immunohistochemical analysis supported the observation that OC tissues exhibit increased levels of CD44v6 and NF-κB proteins, compared with normal ovarian tissue ([Fig. 1A](#f1-ol-0-0-10306){ref-type="fig"}). The CD44v6 and NF-κB mRNA levels were detected by RT-qPCR, which revealed that CD44v6 and NF-κB mRNA levels in OC tissues were significantly increased, compared with normal ovarian tissues (P\<0.01; [Fig. 1B](#f1-ol-0-0-10306){ref-type="fig"}). These data demonstrated that the expression of CD44v6 and NF-κB is upregulated in OC tissue, compared with normal ovarian tissue.

### CD44v6-siRNA decreases NF-κB mRNA expression in OC cells

To further investigate whether NF-κB is affected by CD44v6 expression in OC cells, the A2780 OC cell line was used to generate a normal control group, an empty vector control group and a CD44v6-siRNA transfection group. The mRNA levels of CD44v6 and NF-κB were then detected in each group. The results demonstrated that there was no significant difference in the mRNA levels of CD44v6 and NF-κB between the normal control group and the empty vector control group. However, compared with the normal control group, the siRNA-transfected group exhibited significantly reduced expression levels of CD44v6 and NF-κB (P\<0.01; [Fig. 1C](#f1-ol-0-0-10306){ref-type="fig"}). This observation indicates that NF-κB mRNA expression levels are affected by CD44v6 expression.

### CD44v6-siRNA impairs the proliferation, migration and invasion of OC cells

To determine whether knockdown of CD44v6 affects OC cell proliferation, migration and invasion, OC cell Transwell and colony formation experiments were performed. The results demonstrated the effect of silencing CD44v6 on the proliferation and invasion of A2780 cells. As presented in [Fig. 2](#f2-ol-0-0-10306){ref-type="fig"}, *in vitro* Transwell invasion assays revealed that following the silencing of CD44v6, the number of invading cells per field in the CD44v6 siRNA group (43.25±3.02) was significantly reduced, compared with that in the control group (134.39±9.69; P\<0.01; [Fig. 2A and B](#f2-ol-0-0-10306){ref-type="fig"}). The transwell migration assays demonstrated that the number of migratory cells per field in the CD44v6 siRNA group (154.45±21.75) markedly decreased compared with the control group (421.67±48.95; P\<0.01; [Fig. 2C and D](#f2-ol-0-0-10306){ref-type="fig"}). Similarly, the colony formation ability in the CD44v6-siRNA group was significantly reduced, compared with the control group (P\<0.01; [Fig. 2E and F](#f2-ol-0-0-10306){ref-type="fig"}).

### CD44v6-siRNA impairs the NF-κB pathway in OC cells

The aforementioned PCR results demonstrated that NF-κB mRNA expression was significantly reduced following knockdown of CD44v6. To investigate whether silencing CD44v6 affects the expression of NF-κB and its nuclear translocation, the expression of NF-κB in each group was detected by immunofluorescence. As demonstrated in [Fig. 3](#f3-ol-0-0-10306){ref-type="fig"}, the fluorescence intensity of NF-κB in the CD44v6-siRNA group was markedly reduced, compared with the control group, which indicates that the NF-κB pathway may affect CD44v6 expression.

Discussion
==========

The present study investigated the effects of NF-κB pathway inhibition by CD44v6 knockdown in OC cells. It was identified that CD44v6-siRNA OC cells exhibit decreased invasion ability and disrupted NF-κB activation.

In addition to the present study, previous studies also examined the expression of CD44v6 in the ovary to investigate the association between CD44v6 and the development of OC ([@b27-ol-0-0-10306],[@b48-ol-0-0-10306],[@b49-ol-0-0-10306]). The results from the present study are in agreement with a study by Tjhay *et al* ([@b49-ol-0-0-10306]), which demonstrated that CD44v6-positive OC cells possess an increased capacity for migration and invasion. Additionally, Zhang *et al* ([@b31-ol-0-0-10306]) reported that the expression of CD44v6 mRNA was significantly elevated in clinical samples of benign ovarian tumor and OC, and no significant differences were revealed in CD44v6 expression between normal ovarian tissue and benign ovarian tumor at the protein level. However, the authors identified that expression of CD44v6 in OC was significantly increased, compared with that in normal ovaries and benign ovarian tumors, which is in agreement with the present results.

Using western blot analysis, Tjhay *et al* ([@b49-ol-0-0-10306]) compared the expression of epithelial-mesenchymal transition (EMT) regulatory proteins, including E-cadherin, N-cadherin, fibronectin and vimentin, in fluorescence-activated cell sorting (FACS)-sorted CD44v6-positive cells with that in FACS-sorted CD44v6-negative cells. Compared with FACS-sorted CD44v6-negative cells, E-cadherin expression was downregulated in FACS-sorted CD44v6-positive cells, and N-cadherin, fibronectin, and vimentin expression was increased in CD44v6-positive cells. In contrast to immortalized normal cells, prostate cancer cells with CD44v6 suppression demonstrated downregulated EMT markers and reduced tumorigenic potential ([@b50-ol-0-0-10306]). These observations indicate that a subpopulation of CD44v6-positive cells may regulate the metastatic ability of OC cells by influencing EMT. Additionally, a previous study demonstrated that CD44v6-positive OC cells serve a pivotal role in disseminated metastatic tumors of the pelvic peritoneum and exhibit potential as metastatic initiators in OC mouse models ([@b51-ol-0-0-10306]). CD44v6-positive cancer cells possess a significant effect on the survival of patients with OC ([@b52-ol-0-0-10306]). CD44v6 has been demonstrated to promote OC metastasis by mediating ovarian tumor cell invasion into the peritoneum ([@b49-ol-0-0-10306]). Furthermore, siRNA knockdown of CD44v6 expression has been demonstrated to decrease the ability of SKOV3 cells to adhere and migrate, indicating that CD44v6 may be involved in mediating tumor cell adhesion and migration during metastasis ([@b53-ol-0-0-10306]), an observation that is consistent with the present results. Overall, this indicates that CD44v6 expression is associated with the progression, metastasis and recurrence of epithelial OC.

NF-κB generally exists as a dimer, most commonly with the p50 and p65 subunits. In a non-stimulated state, NF-κB binds to inhibitor of κB (IκB) in a non-activated form in the cytoplasm. When cells receive an external stimulus, IκB is phosphorylated and degraded, allowing NF-κB to translocate to the nucleus, resulting in NF-κB activation. The nuclear localization signal on NF-κB is then exposed in response to various cytokines, growth factors, apoptosis-associated factors and other target genes ([@b54-ol-0-0-10306]). Combined with the basic sequence, this results in increased nuclear transcription, which is involved in a number of human pathophysiological processes, including the inflammatory and immune responses ([@b55-ol-0-0-10306],[@b56-ol-0-0-10306]). Numerous studies demonstrated that NF-κB regulates apoptosis through the following pathways: i) Direct regulation of apoptotic genes; ii) regulation of the S phase of the cell cycle, which interferes with the cellular response to apoptotic signals; and iii) interaction with certain cellular apoptosis proteins ([@b54-ol-0-0-10306],[@b56-ol-0-0-10306],[@b57-ol-0-0-10306]). NF-κB controls a number of features of cancer cells by modulating the transcriptional activation of genes involved in cell proliferation, angiogenesis, metastasis and apoptosis arrest ([@b57-ol-0-0-10306]).

NF-κB is one of the most significant molecules involved in inflammation and innate immunity and has been demonstrated to be an important endogenous tumor promoter ([@b58-ol-0-0-10306]). NF-κB serves a supervisory role in regulating transformation and inflammation in the context of cancer and inflammatory cells ([@b59-ol-0-0-10306]). NF-κB activation in cancer cells is responsible for the progression of inflammation-associated cancer; conversely, inhibiting NF-κB activation can inhibit tumor growth ([@b55-ol-0-0-10306]). The present study observed that NF-κB mRNA levels were reduced when CD44v6 was knocked down. Furthermore, immunofluorescence demonstrated that NF-κB expression was also inhibited. These results indicated that CD44v6 may participate in the proliferation and metastasis of OC via activation of the NF-κB pathway.

This hypothesis is supported by a number of other studies. Kawana *et al* ([@b60-ol-0-0-10306]) first demonstrated a direct association between CD44 and Toll-like receptors (TLRs) by detecting the activation of NF-κB, which is the principal signal transducer of TLR signaling in CD44-deficient bone marrow macrophages. The results indicated that the cytoplasmic domain of CD44 serves a regulatory role in TLR signaling and results in NF-κB activation by zymosan or lipopolysaccharide. Bourguignon *et al* ([@b61-ol-0-0-10306]) revealed that the downregulation of CD44 expression by treatment with CD44 siRNA not only effectively blocks CD44s association with TLR2, TLR4 and myeloid differentiation primary response 88 (MyD88) in MDA-MB-231 cells treated with low-molecular-weight hyaluronan (LMW-HA), but also significantly inhibits LMW-HA-mediated signaling and function, including NF-κB-mediated transcriptional activation, interleukin (IL)-1β/IL-8 gene expression and protein production. These results strongly indicate that CD44 and TLR2/4-associated MyD88 serve important roles in regulating NF-κB p65-specific transcriptional activation, in addition to cytokine/chemokine gene expression and protein production in MDA-MB-231 cells in response to LMW-HA treatment. Therefore, it is plausible that LMW-HA-mediated NF-κB p65 signaling and cytokine/chemokine production are functionally coupled in a CD44-dependent manner in breast tumor cells.

Therefore, it is reasonable to suggest that the mechanism by which CD44v6 causes tumor cell proliferation and metastasis is associated with its ability to induce NF-κB activation. This characteristic may serve an important role in the potential use of chemotherapeutic drugs that target this critical molecular mechanism for the treatment of OC.

In conclusion, the biological and molecular heterogeneity of OC is a highly promising research area, and studies may provide novel insights into the diagnosis and treatment of OC as well as breakthroughs in the treatment and prognosis of advanced ovarian epithelial cancer. CD44v6 may promote the proliferation, invasion and migration of OC cells by activating the NF-κB pathway. CD44v6 in cancer cells may represent a potential molecular therapeutic target to prevent the initiation of proliferation and metastasis of OC cells. However, which specific molecular signaling pathways downstream of CD44v6 affect the NF-κB pathway and which upstream molecules regulate the expression of CD44v6 requires further research. Observations from future studies may provide more effective targets for the treatment of OC.
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![CD44v6 and NF-κB expression in ovarian cancer tissues and an ovarian cancer cell line. (A) Immunohistochemical analysis of CD44v6 and NF-κB in benign ovarian tissue and malignant ovarian tumor tissue (×400 magnification). Brown represents positive expression of CD44v6 and NF-κB. CD44v6 was predominantly located on the cell membrane and NF-κB was primarily located in the nucleus of cancer tissue. (B) CD44v6 and NF-κB mRNA expression levels in benign ovarian tissue and malignant ovarian tumor tissue. \*\*P\<0.01 vs. benign ovarian tissue. (C) Relative mRNA expression levels of CD44v6 and NF-κB in different groups, including the control, empty vector and CD44v6-siRNA groups. No significant difference was identified between the control and empty vector groups. A significant difference was revealed between the control and CD44v6-siRNA groups. Data are presented as the mean ± standard deviation. \*\*P\<0.01 vs. control group. NF-κB, nuclear factor-κB; siRNA, small interfering RNA; CD44v6, cluster of differentiation variant 6.](ol-18-01-0298-g00){#f1-ol-0-0-10306}

![CD44v6-siRNA impairs the proliferation, migration and invasion of ovarian cancer cells. (A) Representative figures of invading cells in different groups (magnification, ×200). (B) Quantification of the invasion ability of the control group (134.39±9.69), empty vector group (175.34±29.64) and CD44v6-siRNA group (43.25±3.02) was assessed by 0.1% crystal violet staining. (C) Representative figures of migratory cells in different groups (magnification, ×200). (D) Quantification of the migration ability of the control group (421.67±48.95), empty vector group (403.25±20.75) and CD44v6-siRNA group (154.45±21.75) was assessed by 0.1% crystal violet staining. The Transwell migration assays demonstrated that the number of migratory and invading cells per field in the CD44v6 siRNA group significantly decreased compared with the control group (P\<0.01). (E) Representative figures of colony formation ability. (F) Quantification of the colony formation ability of the control group, empty vector group and CD44v6-siRNA group. A total of 300 cells were seeded per well. The colony formation rate=number of colonies/number of cells seeded ×100%. The data are presented as the mean ± standard deviation. \*\*P\<0.01 vs. control group. siRNA, small interfering RNA; CD44v6, cluster of differentiation variant 6.](ol-18-01-0298-g01){#f2-ol-0-0-10306}

![Immunofluorescence of the control, empty vector and CD44v6-siRNA groups. Blue represents the nucleus, green represents expression of CD44v6 and red represents expression of NF-κB. siRNA, small interfering RNA; NF-κB, nuclear factor-κB; CD44v6, cluster of differentiation variant 6.](ol-18-01-0298-g02){#f3-ol-0-0-10306}

###### 

Primers used for polymerase chain reaction.

  Primer   Sequence                                Amplification length, bp
  -------- --------------------------------------- --------------------------
  GAPDH    Forward, 5′-GGTCGGAGTCAACGGATTTG-3′     218
           Reverse, 5′-GGAAGATGGTGATGGGATTTC-3′    
  CD44v6   Forward, 5′-GCCTTTGATGGACCAATTACC-3′    266
           Reverse, 5′-TCATTCCTATTGGTAGCAGGGA-3′   
  NF-κB    Forward, 5′-CGCATCCAGACCAACAACA-3′      208
           Reverse, 5′-TGCCAGAGTTTCGGTTCAC-3′      

NF-κB, nuclear factor-κB; CD44v6, cluster of differentiation variant 6.
